Abstract-A new prototype of a portable natural enhancement material resistivity meter was successfully designed and constructed based on an existing soil resistivity meter.
INTRODUCTION
It is well known that the resistance of an earth electrode is heavily influenced by the resistivity of the soil in its vicinity, where it is driven and this evidently prove that the soil resistivity is an important parameter in any grounding system installation. Whereas grounding system is the most important part in an electrical system as it needs to provide a protection during faults or lightning occurrences. Grounding systems are important such as to provide low impedance current path when fault happen. Furthermore, it is also important to drive the hazardous transient currents to the ground during atmospheric discharge. Besides that, the important role of grounding is to provide protection to electrical systems and surrounding during fault and established voltage reference level [1] .
Grounding system with high earth resistance might introduce an unsafe path for the fault current which will increases the risk of the appliances failure as well as the injury to the human being. If a fault occurs and if current does not find any path to pass to the ground through a proper designed grounding system, it will find an alternate path either through some equipment or in the worst case it will flow through human body. A poor grounding system leads to instrumentation errors and harmonic distortion in electrical systems. The design of a good grounding systems basically depends on several factors such as the characteristics of soil, weather, the surrounding environment and the arrangement of the grounding electrodes itself [2] .
Soil resistivity test is a process of measuring how much the soil can resist the flow of electricity where different types of soil will have different resistivity values naturally expressed in ohm-meter. The IEEE Std 81-1983 [3] have recommended a ground resistance value of 5 ohms or less to be considered as good soil characteristic for any grounding system. Soil resistivity data is required prior to selecting a specific site for any grounding system installation. Without these data, the grounding system installation would not be effective as it should be. Soil resistivity test literally collects data on how well or poorly the local earth could conducts electrical current. Since it is expected that a grounding system would be able to dissipate electrical current to the earth, it makes sense that the resistivity data of local soil in designing the grounding system should be utilized. This means a soil resistivity meter is really important in making measurements of the electrical resistivity of the soil at a grounding system installation site as well as the grounding enhancement materials needed for such installation.
There are many types and brands of the soil resistivity meter that available in the market which are very expensive with their prices ranging from RM6,000 to RM14,000 and cannot be afforded by many institutions and research centers, could be due to lack of funds. Some of the students and researchers even need to rent the resistivity meter from private companies and getting this instrument on hire could be frustrating due to the protocol and time limitation. Hence, it will be difficult for them to do testing on soil resistivity performances, especially for a longer duration project, say for a year.
Therefore, this could be considered as a challenge to design such portable natural enhancement material resistivity meter based on existing soil resistivity meter, and to make it portable and cheaper. This meter could be used to measure the resistivity of other materials as well, not just the resistivity of soil, and constructed using simple electronic components that are available in local store and market that sells hardware, radio parts or electronic components.
There are several methods that can be used in order to increase the performance of a grounding system meant for the power system protection. One of the method is by lowering its earth resistance values by treated the soil using soil treatment technique where natural enhancement materials such as Bentonite and Zeolite could be used. This technique is one of the effective ways to improve the performance of a grounding system in which extensive works were done previously by Buba [4] , Wan Ahmad et al. [5] [6] [7] [8] , Marudin [9] , Mohamad Roslan [10] , and Lai [11] . Thus, two natural enhancement materials, i.e. Bentonite and Zeolite, were used in this work to test the workability of the portable natural enhancement material resistivity meter prototype that was proposed in this work.
Since the resistivity instruments are usually complex and expensive, this work was aimed to construct a portable natural enhancement material resistivity meter using existing electronic components that are available in local electronic stores. The cost of these parts definitely will be much lower compared to the available mostly resistivity meter. Therefore, these objectives were considered in this work, (1) to design a resistivity meter using local materials, (2) to improve internal circuits compared to previous work done by Zanil [12] , (3) to design and combine all the circuits to form a full operated portable natural enhancement resistivity meter, (4) to test natural enhancement material resistivity meter that is simple to operate, cheaper, portable and flexible, not only meant for soil, but also other for any material under test.
II. SOIL RESISTIVITY
Soil resistivity depends on various factors such as composition of the soil, moisture, temperature, and the content of water in the soil. Generally, soil is not homogenous, as their resistivity varies with the depth. Moisture content changes seasonally, varies according to the nature of the sublayers of earth. It is highly recommended that the ground rods be placed as deep as possible into the earth as soil and water are generally more stable at deeper strata. This is due to the reason that different layer of soil will provide different resistance. Soil with low resistivity value is good for the grounding system installation [13] . The resistivity of the soil is measured in ohm-meter (Ω-m). Some factor that determines soil resistivity is the type of soil, where sand and gravel conduct poor, and clays conduct well. IEEE Std. 81-1983 [3] documents show a very broad range of resistivities for a specific type of soil. For instance, clays vary from 200 to 10,000 ohms-meter, while limestone can vary between 500 and 400,000 ohms-meter. With such ranges, the soil type is not a sufficient information in designing a grounding system installation. Nonetheless, soil itself serves as the starting point for resistivity.
Soil resistivity also varies as a function of the moisture content in the soil, the electrolyte content and the temperature. Basically, the more of each, the lower the soil resistivity. Note that site with low soil resistivity is the most suitable for grounding system installation [13] . Moisture content and salts somehow can affect the soil resistivity. Soil that contains 10% moisture by weight will as much as five times lower resistivity than that which contains 2.5%. The resistivity of the soil also depends on its temperature. As the temperature of the soil is more than 0ºC, then the temperature effect on the soil resistivity is negligible. At 0ºC the water starts freezing and the resistivity increases as the water become solid and the resistance is higher in solid state than in liquid state [14] . Finally, the salt content factors in the results in a big way. Just changing the composition by 1% can reduce soil resistivity by as much as a factor of 20. Typical soil resistivity values could be altered with changes in moisture, temperature, and salt content in the soil [14] .
Besides, the soil resistivity values also depend on the type of the materials. A material with high resistivity means it has got high resistance and will resist the flow of electrons [15] . A material with low resistivity means it has low resistance and thus the electrons flow smoothly through the material. Some method to increase the performance of a grounding system protection, is lowering the ground resistance values by treat soil using soil treatment technique at which enhancement materials are used [4, 7] . Some of the natural enhancement materials have low resistivity, e.g. Bentonite, Zeolite, and Kenaf which have been used to improve the performance of a grounding system in which works were done previously by Buba [4] , Wan Ahmad et al. [5] [6] [7] [8] , Marudin [9] , Mohamad Roslan [10] , and Lai [11] . Different materials give different resistivity values due to their characteristic of the material itself, where some are as listed in [14] .
Soil resistivity test is also a process of measuring a volume of soil to determine the conductivity of the soil, which is the single most critical factor in electrical grounding system design [16] . This is true when discussing simple electrical design, to dedicated low-resistance grounding systems or to the far more complex issues involve. The good soil models are the basis of all grounding designs and they are developed from accurate soil resistivity test. Poor soil conditions can be overcome with more elaborate grounding systems. There are three types of the most common earth ground tests methods used which are [3, 17, 18] ;
A. Fall-of-Potential method (3-point)
Fall-of-Potential method is used to measure the ability of a grounding system or an individual electrode to dissipate energy from a site, where two earth stakes are placed in the soil in a direct line which away from earth electrode, as in Fig. 1 . A known current I is generated from the device between the outer stake and the earth electrode, and the value drop in voltage potential V is measured between the inner earth stake and the earth electrode. Using Ohm's Law (V=IR), the tester will then be able to calculate the resistance R of the earth electrode, using that measured voltage V value with the known current I value.
B. Wenner method (4-point)
Wenner soil resistivity measurement method needed four probes to perform a soil resistivity test. This is probably the most labour-intensive of all the methods when performing longer traverses. This meant it is the optimal Soil Resistivity Test Method of choice for earthing designs due to its ratio of received voltage per unit of transmitted current. Also, the Wenner Method is considered as one of the more reliable 2018 IEEE 7th International Conference on Power and Energy (PECon) methods for testing the soils to deeper depths. The four probes are positioned in the soil in a straight line, equal distance from one another, as shown in Fig. 2 . The distance between earth ground probe should be at least three times greater than the stake depth. Hence if the depth of each ground probe is 0.3 m, the distance between the probe should be greater than 0.9m. The known current generates through the two outer ground probes and the value drop in voltage potential is measured between the two inner ground stakes.
Similar to the Fall-of-Potential method, the device will calculate the soil resistance using Ohm's Law (V=IR), with the soil resistivity is proportional to the ratio of the voltage V and current I and is given as in (1), where ρ is the resistivity of the soil with its unit is ohm-m, A is the horizontal space between the spikes in m and B is the depth of burial also in m. Note that (1) could be reduced into (2) , and this has been employed in calculating the resistivity of the material under test considered in this work. Also, the portable natural enhancement material resistivity meter which was developed in this work was based on the Wenner method. Hence, there is a need to space the four electrodes out with an equal distance from each other in a straight line at an equal burial depth for testing purposes. This is due to the reason that the Wenner method has been employed in the previous works were done by Buba [4] , Wan Ahmad et al. [5] [6] [7] [8] 19 ], Marudin [9] , Mohamad Roslan [10] , Lai [11, 20] and Pui [21] .
C. Clamp-on method
The clamp-on method is unique in as it offers the ability to measure resistance without disconnecting the ground system as shown in Fig. 3 . It is quick, easy and also includes the bond to ground and overall grounding connection resistances in its measurement. The measurements are made by "clamping" the tester around the grounding electrode under test, similar method to measure current with multi-meter current clamp. The tester device supplies a known voltage without a direct connection through a transmit coil and measures the current through a receive coil. The measurement test is carried out at high frequency to enable the transformers to be as small and practical as possible. For this method to be effective, there must be a complete grounding circuit in place. The tester measures the complete resistance path (loop) that the signal is taking. All elements of the loop are measured in series. It is important for the user to understand the limitations of the test method.
III. CONSTRUCTION OF THE INTERNAL CIRCUITS AND METER PROTOTYPE
A resistivity meter consists of four circuits, i.e. power supply, current generator, voltmeter and display circuits, which needed to operate with each other to measure the resistivity of any material under test. The current generator in this resistivity meter is used to generate constant current to be inject into the soil or any material under test where the voltage drops in the soil or any material under test will be picked up from the voltmeter. This measurement then will be used to calculate the resistivity of the soil or any material under test. Previously, work done by Zanil [12] has constructed a portable resistivity meter based on constructional projects done by Beck [22] and Becker [23] , where circuit for power supply was chosen from Becker [23] , circuit for current generator was modified by combining some parts of the current generator circuits from Beck [22] and Becker [23] . It also consisted of square wave oscillator, bipolar current generator and current limit detector circuits. The circuit of square wave oscillator was as in Becker [23] , while bipolar current generator and current limit detector circuits were taken exactly from Beck [22] . The circuits of power supply, current generator and voltmeter from Beck and Becker were as shown in Fig. 4 to 7 . The other main part of resistivity meter is voltmeter circuit. In Zanil [12] , the basic structures of voltmeter circuit were almost similar with the Beck [22] and Becker [23] . Basically, voltmeter will consist of opamps, resistors and capacitors. The voltmeter circuits from Beck [22] and Becker [23] were shown as in Fig. 5 and 6 , respectively. However, in Zanil [12] , the works done were not a success since the portable resistivity meter did not work and could not went into tests. Therefore, this work is meant to improve the internal circuits of such portable resistivity meter, ensuring the newly proposed portable natural enhancement material resistivity meter would be made possible to its first prototype. The construction of the newly proposed portable natural enhancement material resistivity meter consists of several circuits which are constant current generator, ammeter, voltmeter and display circuits that were designed and test individually ensuring that they were compatible with each other before they could be combined for a complete portable natural enhancement material resistivity meter to be made possible. A circuit for each part of the meter was first designed using Proteus 8 Professional software before constructing its hardware. The circuits were tested individually with some improvements were made accordingly by comparing the simulated and measured results. The best circuit of each part was selected and tested again in Proteus 8 Professional afterwards. The most suitable circuit was then chosen to be installed into the final design of portable natural enhancement material resistivity meter, where the finished prototype of the portable natural enhancement material resistivity meter is as shown in Fig. 8 .
The current generator circuit was constructed with the use of a 12V battery as the input source to send an electrical current through the soil or any material under test. Voltmeter and ammeter circuits were designed with Arduino UNO microcontroller, where Arduino UNO is also needed in the display circuits to read and convert the analog signals from measurement values of voltmeter and ammeter into digital bits. The voltmeter and ammeter circuits were designed with their coding were written using Arduino software. The voltmeter is used to measure small voltages drop between two current generator probes that injected the current into the material under test. Voltage regulator circuit was needed in constructing the portable natural enhancement material resistivity meter as this circuit was designed to convert 12V supply voltage from the battery into 5V supply for the display circuit as the display LCD 16 x 2 operated with voltages in the range of 4.0V to 5.3V.
Note that, constant current generator circuit was developed based on three different circuits. The first circuit is from Mitchell [24] , where the circuit provides a constant current no matter the resistance of the load, with the negative feedback was used to convert the current flowing through the load into a voltage. In this case, a small ohm resistor was used where in this design the small ohm resistor is a 0.1-ohm resistor. The voltage across this resistor will be proportional to the current and using V=IR, the current through the circuit can be fix. The output of the op-amp is connected to the base of a power transistor which controls the current that flow through the circuit. The op-amp in this circuit (U1A) is in a closed loop because the negative input and output are connected together through Q3 and so the op-amp will attempt to keep the + and -terminals at the same voltage potential. The second circuit of the constant current generator was quite similar to first design, again following Mitchell [24] . Instead of using transistors, it used op-amp, LM358 which is modelled as voltage source in series with op-amp or non-inverting input terminal. This voltage is multiplied by the op-amp's noninverting gain and it is a source of error because it can make the output voltage lower or higher than expected from an ideal circuit. For the third constant current design, following Loflin [25] , a U2D op-amp was used where it is voltage follower that ensures the voltage at the 0.1ohm resistor follows the voltage applied to its non-inverting input. Therefore, the current at the output through the 0.1 ohm resistor is I=V/(0.1) = 10 x V. The reason of using 0.1ohm resistor was to allow larger currents. The smaller the resistor value reduces the power dissipated in the resistor for a given output current. Generally, all the circuits designed have the similar purpose, i.e. to generate constant current for current [23] injection into material under test where then the voltage drop could be measured and resistance value could be obtained afterwards.
There were two different ammeter circuits tested in this work, following Arun [26] and Girish [27] . Basic structures in both ammeter circuits were almost similar where both of the circuits using Arduino as microcontroller in the circuits. In the first circuit, few components were used which includes 22 Ω resistor, LED, 10 kΩ potentiometer and Arduino Uno. For the second circuit, the ammeter circuit was designed using different components as Arduino current sensor was employed to measure the current values and send it to the Arduino for display.
Two voltmeter circuit designs were tested in this work, following Hareendran [28] and Tarun [29] . The first circuit used Arduino which has several analog input pins that connect to an analog-digital converter (ADC) inside the Arduino. The Arduino ADC is a ten-bit converter, meaning that the output value will range from 0 to 1023. Hence, this value can be obtain using the analogRead() function that is written in the Arduino programming software. As the reference is known, where in this case a 5V and this can be easily calculated the voltage present at the analog input. Whereas the second circuit used ICL7107 and was designed where voltage intended to measure is fed to through the resistors and capacitors. These resistor and capacitor are used to set the initial oscillator frequency at 50Hz, clock rate which there will be three readings per second . The entire supply of circuit is given through IC7107. The voltage intended to measure is primarily converted into digital equivalent using dual slope type analog to digital converter inside IC7107.
There were two types of display circuit that were used in this portable natural enhancement resistivity meter for the ammeter and voltmeter. The interface of display module was connected to the ATMEGA328P-PU microcontroller inside the Arduino Uno. Arduino Uno is a microcontroller board based on ATMEGA328 which has 14 digital input/output pins of which 6 can be used as PWM output, 6 analog inputs, a 16 MHz oscillator, a USB connection, a power jack and a reset button. It contains everything needed to support the microcontroller; it could be simply connected it to a computer with USB cable or a battery to turn it on. The display of 16x2 was used in designing the display circuit with Arduino, 16x2 LCD had 32 characters in total 16 pin on the first line and 16 pins in second line. It must understand that in each character there are 5x50=50 pixels where to display one character all 50 pixels must work together. In 16x2 LCD there are 16 pins over all if there is a back light, if there is no backlight there will be 14 pins. However, 16x2 LCD was used in constructing this display. To interface a LCD to Arduino Uno, the coding for a communication between an Arduino Uno with LCD was needed. Arduino allows the user to use LCD in 4-bit mode. This type of communication enables the user to decrease the pin usage on Arduino, different from others Arduino needed to be programmed separately for using it in 4-bit mode. The display circuit were designed differently according to what value to display. For this portable natural enhancement resistivity, the circuit were designed with different sub-circuit that connected to ammeter and voltmeter circuit.
IV. NATURAL ENHANCEMENT MATERIAL RESISTIVITY METER TESTS AND MEASUREMENTS
The prototype then was tested with Soil, Bentonite and Zeolite samples where resistivity values of each material were obtained and tabulated in Tables I to III, respectively. The materials were tested with different level of water content, i.e. dry level of 0ml of water, mid-wet level of 250ml of water, and highly-wet level of 500ml of water to observe the effect on the resistivity of the materials. The test of resistivity of the soil and material was done inside specific designed box. The Soil, Bentonite and Zeolite samples were placed inside the box to be tested and measure the voltage drop for resistance measurement with the typical arrangement of such test is as in Fig. 9 . Based on the results, it is shown that the higher volume of water content in the materials, the lower the resistivity of the material. This proved that the proposed portable natural enhancement material resistivity meter was successfully work as the measured resistivity values vary with moisture content of the material under test.
V. CONCLUSIONS
Portable natural enhancement material resistivity meter is a measuring tool that is specialised in measuring the natural enhancement material resistivity for grounding system purposes. It consists of power supply, current generator, voltmeter, ammeter and display circuits where they were needed to be combined to form a complete meter based on the existing soil resistivity meter concept, and by employing Wenner Method. These circuits have been designed in Proteus 8 Professional and then constructed into a prototype. It is demonstrated that a newly proposed portable natural enhancement material resistivity meter could be made possible at much lower cost as it uses components that are available in the electrical and electronic supply and hardware store. This could reduce the cost of grounding system installations as buying the expensive commercial resistivity meter could be avoided. The parameter of the resistivity value is measured in ohmm (Ωm) which can be calculated from the current and voltage readings displayed by meter. In this portable natural enhancement material resistivity meter, two probes each were used for current injection and voltage drop measurement. In summary, the results obtained from the tests shown variations in the resistivity reading as it being tested for different types and conditions of the soil and material under test. The results of this study indicate the workability of this portable resistivity meter. Students, geophysicists, and research centre would find this small range portable natural enhancement material resistivity meter is practical to use for small scale measurement and at a low-cost of less than RM 700, as it uses simple electrical and electronic components compared to the established resistivity meter in the market.
